
REPORT OF THE COMMITTEE ON ANTITOXIC AND
IMMUNIZING SERA.

As THE Laboratory Section of the American Public Health
Association stands for uniformity of method in all routine
laboratory tests, it seemed desirable to your committee to take
up and consider for its present field of work the application of
this principle to the routine testing of antitoxins.

It was deemed wisest first to undertake work on the standard
ization of the method of testing diphtheria antitoxin, leaving
those for tetanus antitoxin and other immune sera for such action
as their future therapeutic standing would seem to warrant.

As the subject deals with reactions governed by laws which
are at present imperfectly understood, and as the results of these
reactions are made manifest only through the use of animals,
thereby introducing many unknown factors, it is clearly evident
to all that any standard test will be a purely arbitrary one, and
that the results obtained by its use can be considered only to
approximate accuracy and uniformity.

It is not our intention to reconsider or discuss in detail the
investigations of Behring, continued by Ehrlich and his followers
in their extensive work, which resulted in the formulation of the
so-called Ehrlich Standard Unit for diphtheria antitoxin. A brief
review of the events leading up to it will suffice.

Prior to 1897 the test generally applied for the determination
of the antitoxic strength of sera was based on the formula arbi
trarily chosen by Behring to represent the unit for diphtheria
antitoxin. This may be defined as follows: An antitoxic unit is
10 times the amount of antitoxin required to leave intact a 250
gram guin~a pig after the injection of 10 times the certainly
fatal dose of the toxin," for pigs of this weight. The method
employed was to mix 10 times the minimum dose of a toxin
fatal to a 250 gram guinea pig with different quantities of anti
toxic serum, and to inject the same subcutaneously into guinea

*This was the ordinary fresh toxin produced in the Behring Laboratory.
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pigs of the required r-weight. That amount of serum which
apparently neutralized the pathogenic action of this amount of
toxin contained one-tenth of an antitoxic unit. In other words,
90* to 100 minimum fatal doses of the usual diphtheria toxin were
to be neutralized by one unit of antitoxin.

Ehrlich in 1896 found that this was not always the case. By
using various toxins, and the same toxin at different periods, he
observed that a unit of a given serum did not neutralize the same
number of fatal doses of such toxins but that the latter varied
within such wide limits as from 30 to 130 fatal doses. On the
other hand he found that the power of a given toxin to combine
with an antitoxin remained constant within narrow limits, and
he was led to establish a standard antitoxin in place of a standard
multiple of the minimum fatal dose of toxin. Such a standard
antitoxin is prepared by him under such elaborate precautions as
he believes will insure its permanency, and from time to time,
at present every two months, portions of the same are sent out
dissolved in a mixture of glycerin and salt solution, for the purpose
of enabling producers of antitoxin to standardize such toxins as
they desire to use in testing the strength of antitoxic sera.
One c.c. of a given dilution of this standard serum represents;
according to Ehrlich, one unit of diphtheria antitoxin.

This standard unit of antitoxin has been adopted officially by
the German government, and has been used as the standard by
the official or prominent Iaboratoriesin France, Austria, Denmark
and England, in Europe, and by the state laboratories in Massa
chusetts and New York, and the majority, at least, of the private
producers of antitoxin in America. Your committee, therefore,
will not enter into any discussion or consideration of either the
theoretical or practical problems connected with the establish
ment of this unit, but will pass on to the discussion of the methods
for testing the specific strength of diphtheria antitoxins by the
use of this standard antitoxic unit or of the Standard Serum
issued by the United States Public Health and Marine Hospital
Service.

In a general way the procedures are as follows:

*Some fraction of the 10 fatal doses was neutralized by the guinea pig.
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If we have at hand either of these standard sera, it becomes
necessary for the standardization of a toxin to add to that amount
of a dilution of a standard serum which contains exactly one
unit, such an excess of toxin that the resulting mixture will just
prove fatal to a standard weight guinea pig on the third or fourth
day after its subcutaneous injection. This point Ehrlich denom
inates L +. The amount of toxin which would be needed to
neutralize completely the antitoxin he designates LO. Both these
terms are now commonly employed and are recommended to be
used in designating these points. Having determined the L+
dose of a given toxin, that amount of any antitoxic serum which
when mixed with this dose will prevent the death of a standard
weight guinea pig before the fourth day after injection contains
one unit of antitoxin.

From time to time members of your committee have conferred
with one another concerning the methods used by each one in
the application of both the tests for the determination of the
L + dose of toxins by the use of the Standard Serum and the
estimation of the antitoxic strengths of sera therefrom. These
consultations led to a certain slight degree of uniformity in the
methods used, but it has seemed desirable to several members to
have the various methods discussed, and one, uniform at least
along general lines, adopted as a standard.

One of the members of the committee, having observed that
the results of his test on a given toxin did not agree with those of
a co-worker on the same toxin, decided to ascertain how far uni
form the results obtained by different investigators in different
laboratories, and under their varying environment, might be. To
this end he reg nested samples of toxins from seven laboratories,
which he tested with the following results:

TOXINA.-L+ dose said by sender to be 0.32c.c,
Tested for 0.33 guinea pig died in 27 days.

,,' H .34 " ~, " " 44

" " .35
" " .42 6
" " .43 4

TOXINB.-L+ dose said by sender to be 0.76 c.c,
Tested for 0.76 guinea pigs all died in 4 days.

TOXIND.*-L+ dose said by sender to be 0.33 c.c,
Tested for 0.33 on a large number of guinea pigs at

different periods and all died within four days.

*Toxin C had not been tested by Ehrlich's method.
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TOXIN E.-Same as D, with same results.
TOXINF.-L+ dose said by sender to be 0.19 c.e.

Tested for 0.19 guinea pigs died in 48 hours.
" "0.185"" 4 days.
" "0.18 4 "

287

Subsequent to these tests it was deemed advisable for some
one member to submit samples of an antitoxic serum to the other
members for the purpose of obtaining the results of tests made by
each member using the methods regularly employed for this work
in his laboratory. These results are presented in the following
tables. Each table represents some of the tests applied by one
member. With but one exception the method of ascertaining
the L + dose of toxin by the use of the Ehrlich Standard Serum,
and of testing the serum against that dose, was employed. In
this case the former method of Behring, modified so that 90
minimum lethal doses of a fresh toxin are neutralized by one unit
of antitoxin, was employed. The results in those tests were as
follows:

TABLE 1.

BEHRING'S TEST MODIFIED.

Toxin 90 M.L.D.+1I300 c.c. Serum (300 units per c.c.) Animal lived•
.• 1/325 c.c, ,. (325 " ., ") died 472days.
" 1/350 c.c. " (350 " " ") Animal died 4 days.
" 11350c.c, " (350 " " ") Animal died 372days.

TABLE 2.

EHRLICH'S METHOD.

L + TESTS WITH L+ DOSE NUMBER OF UNITS PER C.C. TESTED FOREHRLICH'S SERUM USED
DATES AGAINST

SERUM

13101~1~1~1300For J:{esult TESTED 300

----------
May 7........ .23 c.c. -8*

I

.24 " -7

.24 " -6

.25 ., -5

.25 " -3

.26 " -3
July 9....... .25 " +

.275 " +
July 16 ...... .28 " -4

.3 " -3

.32 " -2
Sept. 7....... .27 " -3

.28 " -3

.29 " -3
Sept. 13...... .26 " + .26 + + -3 -3 -3 -2

*The interpretation of the signs in all the tables should be as follows:
. + = Animal lived.

" died.
Numerals =Days after injection on which auimal died
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TABLE 3.

EHRLICH'S METHOD.

L+ NUMBER OF UNITS PER C.C.TESTED FOR
DATES TECH- TESTED

NIQUE FOR OR
USED W2.5 275 287.5 300 350
-------------------

August3l. ................ .53 +
.53 +
.54 -5
.54 +

September 3.............. .55 -2
.55 -2
.56 -3
.56 -2

I
September 6.............. .545 -3

.545 -4
September 13............. 1 .545 +t -4t -3t -4t

2 .545 -3 + -3-3
2 .M5 -4t +t -2t -3t
3 .545 -4 + -2-2
3 .545 -4t -4t -2t -3t

September 19............. 1 .545 +t +t -4 + -4 -3
2* .545 + + -4 -4
2* .545 -4t -4t -3 -4
3 .545 -4t +t

September 27............. 1 .545 + + -4t-4t
2 .5-!.,) ++ ++ + +
3 .545 + + + +

October 10................. .545 -3
.545 -4
.55 -3
.55 -3

October 18................ 3 + +

Technique No.l. Ordinary 1 c.c, pipettes and ordinary syringes.
2. Dilutions made in titrated flasks. Ordinary syringes and Ehrlich

pipettes used.
3. Ehrlich pipettes and Rosenau injecting syringes used.

*Slight alterations in technique were made in these tests.

t Dilutions in these tests made at 15" C. All others at 23'-25° C.

TABLE 4.

EHRLJCH'S METHOD.

L + TESTS WITH
I=< Eo!

NUMBER CF UNITS PER C.O1:3~~~EHRLICH'S SERUM P ...q;;J Eo! TESTED FOR
DATE -<~rn

+0[;01[;01
For Result ...:(IlWE-i 300 325 350

September 29 ......... .20 c.c, -2! ± .2 -lH -lH -1! ±
.21 -1~ -li ±
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TABLE 5.

EHRLICH'S METHOD.

289

L+TESTS
WITH EHR- L+ USED NUMBER OF UNITS PER C.C. TESTED FOR

DATES LICH'S SERUM AGAINST
SERUM
TESTED

For Result 250 300 312.5 325 337.5 350
----------

May 18 .......... .n -4
.745 -4
.75 -3

May 27 .......... .74 +
.745 -5

June 4........... .74 -6
June 27.......... .Wi -3* .745* + +

.745 -6
July 6 ........... .74 -3 .74 -8 -3

.74 -5
July 15 .......... .745 + .745 + + +
July 26 .......... .745 +

.75 + .75 + -3 -3
August 25 ....... .74 +

.74.') -3 .745 + -3 -3

.75 -3
September 27 ... .745 -6 + +

.745 -8

*The tests for L+ when performed upon the same date as those upon the serum were
actually a part of the same series, and the diluted toxin injected was taken from the same
cylinders with the same pipette for both the L + tests and the serum tests, thus controlling
the dilution for the L + with each serum test.

The member making the tests in Table 5 desires to call atten
tion to the fact that when the controls of the L + dose showed
this to be too low, the serum tests showed a corresponding
increase in the antitoxic power of the latter. (Tests on July 15
and 26). The errors in these tests must therefore have been in
the making of the original toxin dilution if the previous and sub
sequent tests for the L + and the antitoxin are to be taken as a
standard. On those occasions an unusual number of tests made a
slight change of technique necessary.

The results of the tests shown in the various tables may be
summarized as follows:

Taking the end reaction in Table 1 as the neutralization of the
toxin, as prescribed for that method, the results indicate that the
serum contained 300-325 units of antitoxin per c.c.

Taking the end reaction in the tests performed according to
the Ehrlich method, as the death of the guinea pig on the fourth
day, the results indicate as follows:
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Table 2. 310-320 units per c.c.
"3. 275-287.5"""
" 4. Less than 300 " " "
., 5. 312.5-325 " " "

While these results appear to show a fair degree of uniformity
for a series of such tests, an examination of the tables shows that
many individual results were quite out of harmony with the
average, especially when slight changes in technique occurred.
This would be more noticeable if all the tests performed on the
serum were included, as was not the case in Tables 5 and 2, where
some of the tests for L + were not given.

In the interests of economy of effort and in order to limit the
number of tests which need to be performed on anyone serum,
and yet to attain as great an approach to accuracy and uniformity
in results as possible, it has been deemed best by your committee
to recommend that the procedures and precautions outlined below
be adhered to in the making of tests for the determination of the
strength of diphtheria antitoxic sera.

The committee recommend the adoption of the method for
such procedures devised by Ehrlich, which, in a general way may
be outlined as follows: First, the determination of the amount
of diphtheria toxin necessary to kill in four days a guinea pig of
approximately 250 grams weight when mixed with one unit of a
Standard Antitoxin; second, the determination of that amount
of a serum which when mixed with this dose of toxin will prevent
the death of a guinea pig of the same weight for four full days.
'This amount of a serum is to be considered as containing one unit
of diphtheria antitoxin.

For the making of dilutions of both toxin or antitoxic sera,
including the Standard Serum, the following recommendations
are made:

First, that a sterile, .85 per cent solution of sodium chloride
(C.P.) in water be used as the diluting medium.

Second, that either sterile glass containers (measuring cylinders
and flasks), accurately graduated to contain the desired amount of
salt solution or of dilutions be used, or that sterile ungraduated
containers to which the salt solution is distributed from accurately
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graduated burettes be substituted. Preferably the burettes should
be those whose readings have been certified to by either the
Prussian or American official testing bureau. (Prussian, Physi
kalische technische Reichsanstalt. American, Bureau of Standards,
Washington).

Third, that for the measurement of the undiluted toxin or
serum, including the standard serum sterile capacity bulb pipettes
with one mark certified graduations on the stem be used. Such
pipettes should be washed out in the solution receiving their
contents.

Fourth, that for the measurement of the diluted toxin or serum,
sterile bulb outflow pipettes with certified graduations upon the
stem be used.

Fifth, that the toxins and serums used be removed from the
refrigerator just before their measurement, and that the salt
solution be at room temperature.

Sixth, that the total amount of the mixture of toxin and serum
dilutions to be injected be as closely approximate to four c.c. as
possible.

Ooncerning the size and number of the dilutions of both toxin
and serum, the committee have decided not to recommend any
one scheme, believing that on any plan rigidly adhered to, and
with the precautions recommended strictly observed, any suitable
method should give approximately uniform results.

Several plans are used by the various members of the commit
tee, and an outline of some of these will appear as an appendix
to the report.

In injecting the mixture of toxin and antitoxin the following
precautions are recommended:

First, that the syringe employed be one that will uniformly
deliver its entire contents, including the emptying of the needle.
For this purpose it has been found that the syringes of the Koch
type are to be preferred to those having pistons. The system worked
out by Rosenau 1 of using the barrels of specially devised syringes
of the Koch type as mixing chambers for the toxin and serum
dilutions fulfils the above requirement, and has the advantage of

1 Treas. Dept., Pub. Health and Mar. Hosp. Serv., Hyg. Lab. Bull. No. 19, October, 1904.
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doing away with the extra mixing chamber, and the necessity of
drawing the mixture up into a syringe from such a chamber.

Second, that the mixture of toxin and serum dilutions be
thorough and complete. To that end, and to permit time for at
least the beginning of the union of toxin and antitoxin to take
place in vitro, it is recommended that the mixture stand for
15 minutes at room temperature (when not below 15° C.) before
injection.

Third, that the injection be made subcutaneously into the
subcutaneous tissues of the anterior abdominal wall of the selected
guinea pig, the needle being introduced posteriorly and directed
toward the median line.

Fourth, that the hair of the animal over the site of penetration
be removed before the operation.

In the selection and general treatment of the guinea pigs to
be the subject of these tests care should be exercised.

One of the members of the committee' has called special atten
tion to the existence of strains which are unusually resistant to
the poisonous effects of diphtheria toxin. This insusceptibility is
transferred from the female possessing it to her offspring.

In laboratories raising their own guinea pigs care should be
exercised in using for breeding purposes females which have
survived injections of either toxin or toxin-antitoxin mixtures,
inasmuch as their survival may have been due to a special
resistance to diphtheria toxin, and this character may be trans
mitted to their offspring.

The following recommendations are made concerning the
selection and treatment of guinea pigs:

First, that only half-grown animals in excellent condition, and
born of mothers not known to be unusually resistant to diph
theria toxin be used for these tests.

Second, that the animals shall weigh before feeding on the
morning of the day of operation not under 235 or over 275
grammes. Experience has shown that the animals coming within
these limits are for all practical purposes evenly susceptible to
diphtheria toxin.

1THEOBALD SMITH. Jour. of Med. Research, 1905, 13, pp. 3.JJ, 348.
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Third, that after operation the animals shall be kept in cages
allowing three-quarters to one square foot of floor space per
animal, without handling or disturbance other than what is abso
lutely necessary for careful daily weighing* and for feeding them,
for four full days. During this time any evidences of a patho
logical condition which can be observed without disturbance
should be recorded.

Fourth, that after this period of four days the animal should
be examined and weighed, and any condition of edema, induration,
or necrosis at the site of injection recorded.

Fifth, that if the animal dies as a result of the test an autopsy
should be performed, and the macroscopic pathological conditions
noted. Especial attention should be paid to ascertaining whether
the injection had been properly made into the subcutaneous
tissues or had been accidentally made into the abdominal cavity.

Your committee believe that an observance of the recommenda
tions herein made will strongly tend towards uniformity of results
and ease in the application of the test.

Inasmuch as the committee were without power to add to their
number, they desire to state that Dr. M. J. Rosenau, Director of
the Hygienic Laboratory, United States Public Health and
Marine Hospital Service, was invited to take part in their
deliberations and that they are indebted to him for valuable
suggestions.

Respectfully submitted,
HERBERT D. PEASE, Chairman.
J. J. KINYOUN.

JOSEPH McFARLAND.

WM. H. PARK.

THEOBALD SMITH.

APPENDIX.
The choice of a system of diluting both the toxins and the sera in the

determination of L+ dose, and in the regular tests for antitoxic strength,
will depend on one's choice in the method of making the final injection of the
mixtures. The methods in vogue for the latter are of two types: first, those
that aim so to arrange the systems of dilution as to give approximately two

*Any handling of animals after injection may affect them injnriously and some memo
bers do not recommend the daily weighing. Any course decided upon should be adhered to.
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c.e. each of the toxin and serum dilutions, and secondly, those that make up
the final total of four c.c. by the addition of salt solution either to the final
mixture or by using the additional salt solution for washing the last slight
traces of the mixture in the syringe into the guinea pig.

If the first plan is chosen, then it is necessary to arrange the dilutions of
the toxin so that the dose to be injected will be about two c.c. For example,
if the L+ of a given toxin was suspected, or had been determined to be .21
c.c., it would require a dilution of 10 times in order to give that amount of
toxin in approximately two c.c. (actually 2.1 c.c ) of the dilution.

For the dilution of the Standard Serum, the dilution given on the bottle
as necessary to obtain one unit in one c.c. would have to be doubled in order
to obtain one unit in two c.c. For example, where the bottle label gives one
c.c, of serum mixture plus 12.25 c.c, of diluent as a dilution containing one
unit per c.c., it would be necessary to make a dilution of one c.c. of serum
plus 25.5 c.c. of diluent in order to obtain one unit in two c.c.

For the dilution of the sera to be tested, all that is necessary under this
system is to make dilutions such that the denominator of the fraction, which
represents the amount of serum, in two c.c, of dilution, is the same as the num
ber of units per c.c. suspected of being contained in the serum to be tested.

Thus, if a given serum is to be tested for a possible strength of 300 units
per c.c., a dilution of 1 c.c, serum + 99 c c. salt solution, and of this 2 c.c, +
10 c.c. of salt solution will give llto c.c, of the original serum in 2 c.c, of dilu
tion. By this system the addition or subtraction of 1 c.c. to or from the
10 c.c. of salt solution in the second dilution will raise or lower the units to
be tested for by 25.

Where the other type of system is used, any or even no dilution of the
toxin, and any dilution of the serum, giving in the amount injected that frac
tion of one c.c. of serum, the denominator of which represents the number of
units to be tested for, will be sufficient for the performance of the test, and
will only require the addition of the salt solution to make the total mixture
four c.c. For example:

Toxin L+ = .21 .21 measured directly by pipette into cylinder holding final
mixture or diluted 1 c.c. toxin + 4 c.c. salt sol. = .21 c.c. in
1.05 c.c. dilution.

Serum to be tested for 300 units per c.c.:

1 c.c. serum + 19 c.c, salt sol.
1 c.c. of first dilution + 14 c.c. salt sol. = lfh c.c, in 1 c.c. of second dilution.

Or another method:

1 c.c. serum + 9 c.c. salt sol.
1 c.c. of first dilution + 29 c.c, salt sol. = lfBo c.c. in 1 c.c. of second dilution.

The opportunities for error in measurement are, of course, the least in
the greater dilution.
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